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ft PROCESS FOR PRODUCING r^^p^ QXYLIC- ACIDS pv 
CAPaONYIAnQlLPF ALICANOLS O^P ^ CARBOM C.^.T.von 

Acetic acid has been ]cnoy.-n as an industrial chePi- 
cal for n.any years, and large amounts are used in the 
manufacture of various other cherrdcal products. Proposals 
for producing carboxylic acids by the action of carbon 
monoxide upon alcohols (carbonyiation) have been disclosed 
in the art. 

Carbonyiation of methanol has been pej-fomed 
industrially in the liquid phase under extremely high 
pressure (ca. ^0 MPa) using an iodide or carbonvl of cob- 
alt as catalyst, and an organic or inorganic iodide, such 
as methyl iodide, hydrogen iodide, or potassium iodide, as 
promoter. Recently, it has been reported that nickel 
carbonyl or other nickel compounds are effective catalysts 
for carbonyiation of methanol in the presence of iodide 
at pressure as lov; as 3 MPa, vhen some organic amines or 
phosphines are incorporated in the liquid reaction med^a- 
(DE-A 2749955 and JP 54-59211). 
20 Roth and Paulik (Roth et al. Chemtech 1971, 600- 

and Paulik and Roth Chen.^Cpjmnu^ 1968, 1578) have found 
that carbonyl complexes of rhodium are exceedingly active 
for methanol carbonyiation in the presence of iodide pro- 
moters. They are sufficiently active at atmospheric pr-es- 
sure and selectively give methyl acetate and acetic acid 
Extensive work on catalysis by rhodium has clarified the 
mechanism, which comprises oxidative addition of methyl 
iodide to rhodium, insertion of CO, and reductive decom- 
position of the resulting acyl complex by methanol o- 
30 water, (Forster J. Am.. Chem. Snn. iq-7^ no, p4g. 

Kjortkjaer and Jensen Ind. Eng. chem. Prod. P.es. Dev, 1975 
15, 46). Rhodium is also an effective catalyst for the 
vapour phase carbonyiation of methanol when it is sunpor- 
ted on activated carbon or metal oxides by an imprennation 
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Karczewsi J. Mol, Catal, 1979 6, 431); or on zeolite by 
means of an ion exchange method (Yashima et al. J, Catal, 
1979 59, 53; Andersson and Scurrel 'J> Catal > 1979 59, 
340; or Scurrell and Howe J, Mol, Catal\ 1980 7r 535) . 
5 In FR-A 2 030 lift, a process is disclosed wherein 

carlx)xylic acids, especially acetic acid/ are produced 
by reacting methanol and carbon monoxide over an activated 
carbon bed at a temperature of 200 to 500^0 and a pressure 
of from 0.75 to 21 MPa, using a halogen promoter which is 

10 either dispersed on the carbon bed or incorporated as a 
component of the catalyst system. In this process, the 
activation of the carbon, which can optionally be washed 
with an HF or HNO^ solution, is accomplished by heating 
the carbon Jn a stream of nitrogen at 0.1 MPa for 1 to 2 

15 hours . 

Disadvantages of this system include the use of 
generally higher temperatures, deactivation of the system 
within a relatively short time, the need to activate the 
carbon bed with nitrogen for best results, and no appar- 

20 ent reported difference in results using various differ- 
ent tx'pes of carbon bed. 

In the Indian Journal of Technology , Vol. 5, 2G6 
(1967) , a process is disclosed for synthesizing methyl 
formate from methanol and carbon monoxide in the presence 

25 of alkali-activated charcoal catalysts. Although an 

increase in pressure was reported to increase conversion, 
temperatures above 150^0 caused a decrease in conversion. 

It is an object of the present invention to provide 
a system for methanol carbonylation where there is higher 

30 conversion from methanol, higher selectivity for acetic 
acid, where the catalyst has a longer life and where 
carboxylic acids are produced continuously. An . additional 
object of this invention is to provide a system which 
affords economical advantages in that the system can oper- 

35 ate at a lower temperature without special addition of 
metal catalysts. Finally, an object of this invent^'on is 
to optimize results by use of particular types of activated 
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carbon bed having a particular pore size 

con.< ^"r" " P-°-=B for the 

continuous production of carbo=<yllc aolas and «ters bv 
the reaction of carbon .onclde with an al.a«ol Ta 
5 temperature of fro™ 150 to 400<>C and a pressure of at 

sZl lllZ^' T """" °' ^ -^"^^ P-cter and 
htoh . f =haracteri.ed In that the solid carbon Is a 
high surface area, porous activated carbon, and In Lat 
aa.d reaction takes place m the presence of at leasTl 
10 P^, preferably fro. 2S to ISO pp„, of a translti:„ ILi 
s c ed fro™ cobalt, ruthenium. Iron, nlCel, rhodll! 
palladium, osmlur.. Iridium and platinum. 



15 



coal or lat IT °^ preferably aerived from 

coal or peat and has a density from 0.03 to 2.5 cmVg, 
a surface area fron, 200 to 2000 m^/g, and a pore size 
from 0.6 to 200 njn. 



ta.es placTr' T °" embodiment, the reaction 

takes place at a temperature from 200 to 400°c and a pres- 
sure from 5 to .0 HPa in the presence of a halide, car- 
20 bo=cylate, nitrate or carbonyl of the transition metal 

In an alternative embodiment, the reaction takes 
Place at a temperature of 150 to 400°c and a pressure of 

trre^'t-" ^"^ *"-"^<'" -tal resulting from 

the reaction being conducted In a nickel or cobalt allov 
25 reactor. =j-xoy 

The halide pro:noter is preferably an alkyl halide 
hydrogen halide, acyl halide or dihalon.ethane. 

If desired, the reaction is carried out in the 
presence of a solvent. 

30 m a further embodiment, the catalyst can be 

reactivated by contact with steam at a temperature of from 
500 to 1500-C and a pressure of from 0.1 to 0.5 MP a for 
a period of from 1 to 25 hours, preferably in the presence 
.5 -;^^i--ting agent selected from oxides, hydroxides 

35 and halides of alkali metals or alkaline earth metals, 
inorganic sulphur compounds and mineral acids 

catalysts that are suitable for the practice of 
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this invention contain a soluble transition metal ^ either 
added as such or resulting from the material from which 
the reactor is constructed* Also necessary for this 
invention, is a bed of carbon, which pre'ferably is acti- 
5 vated, and can optionally be washed. The soluble metal 
catalyst may be chosen from a vjide variety of organic or 
inorganic compoxinds, complexes, etc., as will be shown 
and illustrated below. It is only necessary that the 
catalyst precursor actually employed contain certain Group 

10 VIII metals in a soluble state. It has been found that a 
halide promoter is necessary for the carbonylation to take 
place according to the general scheme outlined aibove. 

The actual catalytically-active species is unknown, 
but is believed to comprise a Group VIII metal in complex 

15 combination with a halide promoter, and in association 
with the activated carbon in the carbon bed. 

The soluble metal catalyst precursors may take 
many different forms. Generally the metal species used 
are Group VIII transition metals (Co, Pu, Fe, Ni, Rh, Pd, 

20 OS, Ir and Pt) . The soluble Group VIII metal catalyst may 
be added to the reaction mixture in the form of a carbonyl, 
for example, trirutheniun dodecacarbonyl, di cobalt octa- 
carbonyl, iron pentacarbonyl, nickel tetracarbonyl , diiron 
nonacarbonyl or tetracobalt dodecacarbonyl. Alternatively 

25 the Group VIII metal may be added as the salt of a mineral 
acid, for example, ruthenium trichloride, iron {II) iodide, 
irondll) nitrate, cobalt{II) nitrate, cobalt(II) chloride 
or nickel (II) iodide; or as the salt of a suitable org- 
anic carboxylic acid, for example, cobalt (II) acetate, 

30 cobalt (III) acetate, Ni(II) propionate or Fe(II) naph- 

thenate. The metal may furthermore be added to the reac- 
tion zone as a complex with a trisubstituted phosphorus 
compound, or as a salt of an enolate. Here suitable 
examples include cobalt (III) 2,4-pentanedionate and 

35 dichlorotris (triphenylphosphine) -ruthenium (II) . 

Preferred Group VIII soluble transition metal 
catalysts include carbonyls and halides. Among the 
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particularly preferred are ruthenium chloride, ruthenium 
doaecacarbcnyl and dlcobalt octacarbonyl. The usefulness 
of these Group VIli transition metal precursors for 
acetic acid synthesis Is particularly illustrated by the 
accon5>anying Examples 1 to 11. 

The quantity of soluble transition metal catalyst 
employed in this embodiment of the present invention is not 
critical, and may vary over a wide range. Metal concen- 
trations could range from less than 5 (e.g. i) to greater 
than 1000 ppm, depending on the activity of the metal 
species. In general, this improved process is desirably 
conducted in the presence of a catalytically effective 
quantity of the active metal species, in conjunction with 
a halxde promoter, and optionally in the oresence of a 
solvent which gives the desired products in reasonable 
yields. The reaction proceeds when employing as little 
as about 0.0001 weight percent, and even lesser amounts 
of Group VIII metal catalyst together with 0.1 to 50 
weight percent of a halide promoter, basis the total 
weight of the reaction mixture. The upper concentration 
is dictated by a variety of factors including catalyst 
cost, partial pressures of carbon monoxide, operating 
temperature etc. A soluble Group VIii metal catalyst 
concentration of from 0.002 to 0.02 weight % of metal, in 
conjunction with an alkyl halide promoter concentration 
of from 5 to 15 mol %, based on the total mols of reaction 
mixture, is generally desirable in the practice of this 
embodiaent of the invention. 

In an alternative embodiment, either the reactor 
or the conduit system through which liquid is conducted 
to the reactor, is constructed of cobalt or. nickel alloys 
or mixtures of cobalt, nickel and other metals, in this 
embodi«nt, if the reactor is constructed of inert mater- 
ials, such as tantalum or glass, then the conduit system 
should be constructed of cobalt alloys, nickel alloys, 
or mixtures of cobalt and nickel alloys. 

Althoiiah r\rs mo-i-oi j.-.-^ — ^- - • . . 
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to the catalyst system in this embodiment of this. inven- 
tion, trace amovints of metal catalyst/ which enter the 
reaction system from the walls of the reactor or through 
feed lines, do enhance catalytic activity, as vril,l be 
demonstrated in Examples 9 and 10. Even though they are 
not separately added to the reactor, it has been found 
that these metals are present in trace amounts in the 
reactor, and the conversion of methanol into acetic acid 
does not proceed with as high a degree of effectiveness 
when a reactor with an inert lining, such as tantaliun, is 
used. The metal catalysts also require a bed of acti- 
vated carbon, with pores affording high surface area, 
which is optionally washed in order that carbonylation 
activity be manifested. The soluble metal catalysts 
which are present in amounts of at least 1 ppm, e.g. 100 
to 200 ppm, or even more, can be inorganic compounds and 
complexes of inorganic compounds and are preferably com- 
pounds containing Group VIII metals in an ionic state. 
It has been found that a halide promoter is necessary for 
the carbonylation to take place according to the general 
scheme outlined above. The halide promoter, in addition 
to its normal function of promoting the carbonylation 
reaction, is thought to also aid in dissolving trace 
amounts of active carbonylation metals from the metal sur- 
faces it contacts. 

The actual catalytically active species in this 
embodiment is believed to comprise trace amounts of Co or 
Ni metal in complex combination with a halide promoter and 
in association with the activated peat or coal-derived 
carbon of high surface area in the carbon bed. 

Composition of the alloy may be O to 75% of nickel 
and 0 to 75% of cobalt, vith the balance being iron and 
other metals. The total of cobalt and nickel should 
exceed 4% for good conversion of alkanol into carboxylic 
acid. Common metal alloys which allow the practice of 
this invention are Type 316 stainless steel, Hastelloy C, 
and UMCo-50. They are described as follows: Type 316 
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stainless steel contains 10-14% Ni, 16-18% Cr, 2-3% l-o 
2% Mn, 1% Si, less than 1% c, P, and S, and the balance 
Fe. Hastelloy C is composed of 56% Ni, 17% Mo, 16.5% Cr 
4.5% W, and. 6% Fe; UMCo-50 contains 49% Co, 28% Cr, and ' 
5 21% Fe. Good results are obtained when the amount of 

Group VIII transition metals present is from 5 to 200 ppm, 
or even more. The preferred range has been found to be 
25 to 150 ppm. 

The metals in trace amounts enter the reactor in 
10 solution With other reactants, including methanol, and a 
gas comprising essentially carbon monoxide along with the 
halide promoter over an activated carbon bed. 

The halide found necessary to effect the desiree 
carbonylation should generally be present in an amount of 
15 1 to 20 mol %. A more preferred range of halide promoter 
concentration is from 5 to 15 mol %. This promoting com- 
ponent of the catalyst system may be a halogen compound 
that may be introduced into the reaction zone in liquid 
form, in gaseous form, or dissolved in a suitable so'lvent 
20 or reactant. Satisfactory halide promoters include 
hydrogen halides, such as hydrogen iodide and gaseous 
hydriodic acid, alkyl and aryl halides containing 1 to 12 
carbon atoms such as methyl iodide, ethyl iodide, 1-iodo- 
propane, 2-iodobutane, 1-iodobutane , methyl bromide, ethyl 
25 bromide, iodobenzene and benzyl iodide as well as acyl 
iodides such as acetyl iodide. Also suitable as halogen 
components are quaternary ammonium and phosphonium 
halides; e.g. tetramethylammonium iodide and tetrabutyl- 
phosphonium iodide. Alkali metal and alkaline earth metal 
30 halides, such as cesium iodide, may also be used. 

Alkyl iodide or bromide promoters having 1 to 6 
carbon atoms are the preferred coreactants for the carbony- 
lation reaction of this invention. Most preferred are 
iodomethane, hydrogen iodide and methyl bromide. 
35 The gas which is reacted with the liquid feed and 

passed over the activated carbon bed in the process of 
this invention comprises essentially carbon monoxide. 
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The carbon monoxide may be used in conjunction with up to 
90% by volume of one or more other gases. These other 
gases may include one or more inert gases such as nitrogen, 
argon and neon. Hydrogen may also be present ^ but is 
5 preferably absent since it is reactive with carbon monox- 
ide, thus subtracting from the efficiency of the carbony- 
lation process. 

The activated carbon bed over which the liquid feed 
stream is passed can be fixed or fluidized, and is pre- 

10 pared from a porous solid. The density of the solid 

should preferably be from 0.03 to 2.5 crnVgrn, more prefer- 
ably from 0.05 to 1.5 cm^/grn. A fixed carbon bed can be 
prepared from any porous carbon by pyrolysis of amorphous 
carbon. Activated carbons of this type have surface areas 

15 of 200 to 2OO0 m^/g. Carbons can be preformed of compac- 
ted granules, powders, or particles. Powdered sources 
are not preferred. Animal, vegetable or petroleuir 
sources can be used. 

In the process of this invention, it was discovered 

20 that, contrary to discussions in prior art, the source of 
carbon and pore size of carbon in the carbon bed made a 
distinct difference in selectivity for acetic acid and, 
along with the use of a generally lower temperature than 
has been used in the prior art, resulted in a great 

25 improvement in catalyst lifetime over procedures of the 
prior art. 

In particular, contrary to statements in the prior 
art that the source of activated carbon makes no differ- 
ence in performance of catalyst systems, as long as 

30 natural oil sources are not used, it has been found in 
this invention (and demonstrated by Examples 12, 13 and 
16) that peat-derived and coal-derived sources of carbon 
afford particular advantages with regard to the effective- 
ness of the system. 

35 In addition to improving the effectiveness by using 

particular sources of activated carbon, it has been found 
that the results can be further enhanced by using activated 
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carbons from peat or coal-derived sources, where the 
material possesses a particular por^ size, which oore 
size has a relationship to observed effectiveness" in con- 
verting methanol plus CO into acetic ac^Ld in the process 
of this invention. The best results are obtained where 
the pore size of the carbon source allows for a higher 
surface area. Wide pores in the range of 0.6 to 200 rm 
can be used. Pores in the range of 2 to 120 nm are pref- 
erable. 

The activated carbon bed can optionally be washed. 
If washed, the treatment consists of an HP solution or 
HNO3 solution, in an amount of 600 to 2000 ml of HNO per 
500 g carbon, the HNO3 concentration in water being I lo 
30%. If HF is used, the concentration in water should be 
15 from 10 to 55%. Washing time may be from 5 minutes to 2^ 
hours. Further, the acid-washed carbon can be washed 
with H2O to remove excess acid. 

Suitable, sources of activated carbon which may be 
used in the process of this invention are NORIT RB-l or 
20 SORBORNORIT B-3 activated carbon. (NORIT and SOPBORNORIT 
are registered trademarks of the American Norit Company. ) 
Another suitable activated carbon which was used was 
CARBORUNDUM GAC-616GA (CARBORUNDUM is a registered trade- 
mark of Kennecott Corporation). These activated carbons, 
25 prepared by the manufacturers according to procedures 

developed by them, were in the form of granules or pellets, 
and were described as generally having a surface area of 
1000 to 1200 mVg. Methods of manufacturing activated 

carbon are listed in the book: Activated Car bon. Mann^^^ 

^° t^re and Regeneration by A. Yehaskel, Noyes Data 
Corporation, Park Ridge, New Jersey, 1978. 

In US-A-4 032 476 there is described a method for 
producing granular activated carbon from sub-bituminous 
coal. The coal is crushed and screened to afford 8-30 
mesh granules, which are subsequently mixed with phosphoric 
or other mineral acid, ground to a powder, formed into 
pellets bv applicat-. 



35 



-10- 



01 20631 



to obtain 6-20 mesh grounds. The granules are heated to 
450*^0/ and then converted into activated carbon by heat- 
ing in an atmosphere of nitrogen and steam at 800 to 
900^0 for 4 to 5 hours. The surface area of the activated 
5 granules is 900 to 1050 m /g, and the apparent density is 
about 0.50 cm /g. Granules so produced are suitable for 
the practice of this invention. To obtain activated car- 
bon granules which are even more suited for the practice 
of this invention/ the steam activation treatment can be 
10 extended to a period beyond 5 hours. The extended steam 
treatment has the desirable effect of producing carbon 
granules of lower density, greater pore size, and greater 
surface area than described above by the method of US-A- 
4 032 476- 

15 In M. Smisek and S. Cervy, Active Carbon, Manufac- 

ture, Properties and Application , Elsevier Publishing 
Co., New York, N.Y., 1974, there is described a general 
procedure for producing a pelleted form of activated car- 
bon, for example from peat, which is also suitable for 
20 the practice of this invention. According to this pro- 
cedure, powdered peat is carbonized by heating at 300 to 
SOO^C. The carbon powder is mixed with a binding agent 
(e.g. coal tar or pitch) and extruded through an orifice 
to produce solid extrudates. The latter are heated at 
25 high temper atoores (600 to lOOO^C) with controlled amo\ants 
of steam, air, or carbon dioxide to yield a high svirface 
area extruded carbon suited for use in the fixed bed 
application of this invention. 

Where carbonylation is performed using methanol, 
30 acetic acid is prepared in good yield with conversion of 
methanol ranging from 10 to 100% and selectivity to 
acetic acid reaching as high as 100%. 

A solvent is generally not necessary for the prac- 
tice of this invention, since the low molecular weight 
35 alkanols which are reactants serve as satisfactory sol- 
vents. A solvent could be used, however, if the trans- 
ition metal compound or the halide promoter were only 
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partially soluble In the alkanol. In other instances, a 
solvent might be used to aid in separation of products, 
for example by codistillation or by formation of an insol- 
uble product layer. In still other instances, a solvent 
5 might be used to aid in dissipation of heat during the 
exothermic reaction of carbon monoxide with alkanols to 
form carboxyiic acids. Solvents which could be used 
include compounds which are inert to the reaction condi- 
tions and which do not impede the desired reaction. Suit- 

10 able solvents include aliphatic or aromatic hydrocarbons 
such as pentane, 2-methylhexane, cyclohexane, benzene, 
toluene, m-, or £-xylene, and ethylbenzene, as well as 

aromatic or aliphatic ethers such as diphenyl ether, 
diethyl ether, £-dioxane, and tetrahydrofuran. Other 

15 solvents include aliphatic or aromatic ketones such as 
acetone, 4-methyl, 2-pentanone, and acetophenone. Still 
other suitable solvents include esters of carboxyiic 
acids such as alkyl acetates, propionates, and octanoates. 
Especially preferred solvents are those esters which are 

20 formed as minor coproducts during normal practice of this 
invention, such as methyl acetate formed as a coproduct 
dxiring reactipn of methanol with carbon monoxide, and 
ethyl propionate, formed as a coproduct during reaction 
of carbon monoxide with ethanol. Other solvents include 

25 carboxyiic acids such as acetic, propionic/ octanoiCx and 
isobutyric acids. Water could also be used as a solvent. 

The temperature range which can usefully be 
employed in these syntheses is a variable dependent upon 
other experimental factors, including the pressure, the 

30 concentration and the choice of the particular species of 
soluble Group VIII metal catalyst, which in turn is in 
one embodiment a function of the composition of reactor 
and feed lines, among other things. The range of opera- 
bility is from 150 to 400^0, preferably 200 to 400^0, 
35 super atmospheric pressures of carbon monoxide being 
employed. The preferred temperature range is 240 to 
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that use of lower temperatures than used in prior art in 
conjunction with peat or coal-derived activated carbon 
sources of particular pore size produce an improvement in 
yield and selectivity and result in a greatly extended 
lifetime for the catalyst system over any noted in the 
prior art* Examples 12 and 16 will show catalyst life- 
time of 96 to 218 hours, whereas the longest noted in 
previous systems is by the procedure of FR-A-2 030 118 
and is less than 24 hoiirs (Example 14) . 

Super atmospheric pressures of at least 3.5 MPa 
lead to substantial yields of carboxylic acids by the pro- 
cess of this invention. The preferred operating range is 
from 3.5 to 27.5 MPa, although pressures above 27.5 MPa 
also provide useful yields of desired acetic acid. The 
most preferred operating range is from 7 to 17.5 MPa. 

In accordance with one embodiment of this inven- 
tion, a spent carbonylation catalyst may be reactivated, 
e.g. after from 10 to 300 hours of use or more by a pro- 
cess comprising: 

Contacting the deactivated carbon bed with steam 
at a temperature above 500°C, preferably 500 to 1500^0, 
and at a pressure of 0.1 to 0.5 MPa, optionally in the 
presence of activating agents, for a period of from 1 to 
25, preferably 1 to 15 hours. 

The activating agents can be selected from a large 
group of organic and inorganic compounds. It is only 
necessary that they aid in regenerating the porous struc- 
ture of the deactivated carbon. Generally the activating 
agents used are alkali metals and alkaline earth metals 
and inoarganic acids. 

Suitable compounds containing alkali metals and 
alkaline earth metals include alkaline earth metal car- 
bonates, alkaline earth metal oxides, alkaline earth metal 
hydroxides and alkaline earth metal halides. The alkali 
metal oxides, hydroxides, carbonates, and halides are 
also suitable. Effective compounds include K2O, NaOH, 
KOH, Ca(0H)2 MgClj/ and BaO. Preferred is KOH. 
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Suitable inorganic acids used as activating agents 
in the process of the instant invention include phosphoric, 
sulfuric and boric acids. 

Also suitable as activating agents are metal salts r 
5 typified by ZnCl2 and Na2S0^; and inorganic sulfur com- 
pounds, typified by KjS and KNCS. 

Various other suitable activating agents known in 
the art and expected to function in this invention are 
described in the book by A. Yehaskel, cited above. 
10 The temperature range which can usefully be employed 

in the reactivation process is a variable dependent upon 
other experimental factors, including the pressure, the 
flow rate, the time of contact between the deactivated 
catalyst and the steam or water, the type of catalyst which 
15 was used in the carbon bed and the geometry of the catalyst 
bed. The range of operability is from 500 to ISOO^C* A 
narrower range of 650 to 800^C represents the preferred 
temperature range. 

Pressxires of 0.01 to 0.5 MPa, and even greater lead 
20 to substantial reactivation of the depleted catalyst. A 
preferred operating range is from 0.1 to 0.5 MPa, although 
pressures above 0.5 MPa also provide reactivation. 

The period of time necessary for the steam to con- 
tact the deactivated carbon catalyst in order to bring 
25 about reactivation may vary. For example, when steam is 
at a temperature of 705^0, it would appear a period of at 
least 3 hours of contact is desirable to reactivate the 
catalyst. 

It is anticipated that a relationship exists where- 
30 in the higher the temperature and flow rate, the lower the 
contact time necessary. 

In the process of the present invention, the amount 
of carbon monoxide present in the reaction mixture should 
be sufficient at least to satisfy the stoichiometry of the 
35 desired carbonylation reaction. 

The major by-products of these acetic acid/ester 
syntheses are most commonly methyl propionate and propionic 
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acia-and aerlvatives, which are, of course, also useful 
oompounas and major articles of co«erce. The propionic 
acia ana other products can easily be separated from one 
another by conventional .neans, e.g. fractional distiUa- . 

5 tion in vacuo. 

The products have been identified in this work by 
one or more of the following analytical procedures, vxz, 
gas-liquid phase chromatograph IglO , infrared (xr) , mass 
spectrometry, nuclear magnetic resonance l-"^' 

10 elemental analyses, or a conteination of these teehnlgues 
InXses have, for the most part, been by parts in we.ght, 
all temperatures are in degrees centigrade and all pres- 
sures in^^a^ ^^^^^^^^3 process, 

15 mg examples are submitted to supply specific and lUus- 
trative erribodiments . 
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EXAMPLE 1 

The example describes the use of ruthenium chloride 
as the soluble transition metal catalyst used in associa- 
tion with an activated carbon bed and an iodomethane pro- 
5 meter. As discussed earlier, the effectiveness of the 
components of the process of this invention allow the use 
of much lov;er concentrations of soluble Group VIII metal 
containing catalysts than used in processes in the prior 
art. 

10 In this example, a 25 ml tubular reactor construc- 

ted of Hastelloy C equipped for downf low operation was 
packed with NORIT RB-1 Activated Carbon (which had been 
washed with aqueous HNO^ at lOO^C followed by deionized 
water, and finally vacuum drying). A solution consisting 

15 of 2432 g of methanol, 1197 g of iodomethane, and 0.200 g 
of RuClj.HjO was fed continuously at 6 ml/h, and CO was 
fed at 7000 ml/h to the reactor maintained .at 275^C and 
20.78 MPa. After 32 hours, analysis of liquid effluent 
indicated 97% of acetic acid, 2% of methyl acetate and 1% 

20 of HjO. Virtually no dimethyl ether was detected. 

COMPARATIVE ^EXAMPLE lA 
This example was identical to Example 1, except 
operating conditiolis were changed so that the liquid feed 
rate was 12 ml/h and CO rate was 12000 ml/h. Typical 
25 acetic acid content of effluent under these conditions 
was 96%. 

COMPARATIVE EXAMPLE IB 
This example was identical to Examples 1 and lA, 
except that pperating conditions were changed so that the 
30 liquid feed rate was 20 ml/h and CO rate was approximately 
20 ml/h. Liquid analysis indicated 11% of acetic acid. 
The feed was recovered. A black ruthenium-containing pre- 
cipitate (16.0% Ru) was preseint and no detectable Ru was 
in solution {i»e. <1 ppm) . Analysis of the initial solu- 
35 tion indicated 26 ppm of Ru. 
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Ei^amples 1, lA and IB illustrate the high produc- 
tivity of the system when low concentrations of Ru are 
employed. They also demonstrate that activity diminishes 
as the ruthenium is removed by precipitation. 

Effluent analyses averaged 6 ppm of Pu, which could 
be recovered if desired by ccxioenfcrating the effluent and 
adding the concentrate to fresh MeOH/Mel feed. Analysis 
of the used carbon bed indicated approximately 0.6% of Ru. 

EXAMPLE 2 

The procedure of Example 1 was repeated in essence, 
but a different ruthenium source, trirutheniimidodecacar- 
bonyl Ru2(CO)j^2' used, the concentration of ruthenium 

used being 18 ppm. 

Operation under conditions indicated resulted in 
acetic acid content of the effluent as shown in Table 1: 

TABLE 1 



Temp . 
(OC) 


Pressure 


Liq. Space Velocity 


Acetic 
Acid 


(MPa) 


(ml/ml reactor vol/h) 


(%) 


275 


20.78 


0.24 


95.4 


275 


13.89 


0.24 


97.3 


275 


10.44 


0.24 


97.6 


275 


20.78 


0.48 


63.3- 


290 


8.37 


0.24 


76.1 



Duration of the xmi was 169 hours r final activity 
was high, as indicated by the last table entry. 

It may be noted that no precipitation of ruthenium 
occurred during three months storage of this feed at 
ambient conditions. 



EXAMPLE 3 

Here, a cobalt-containing catalyst, C02(C0)g, was 
used instead of RuCl^, in essentially the same procedure 
as used in Example 1. Operation under conditions indica- 
ted resulted in acetic acid content of the effluent as 
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TABLE 2 

Acetic - 

Temp. Pressure Llg/ Space Velocity Acid 

(oc)' (KxPa) (ml/h/ml reactor vol.) {%y~ 

285 20.78 0.24 96.0 

5 285 13.89 0.24 " ' 93.7 

285 13.89 , 0.4R 63.7 

285 10.44 0.24 46.8 

The run was 150 hours duration with activity mani- 
fested at termination as illustrated by the last table 
10 entry. 

C0MPAR7TIVE EXAMPLE 4 
This example demonstrates the unsuitability of a 
silicon-containing compound replacing the carbon bed in 
the process of this invention. The procedure of Example 
15 3 was followed, except that a comjnercial tableted silica 
(Calisicat E-361) was used in place of the carbon bed. 
During 20 hours of operation at 20.78 MPa, 0.24 liquid 
hourly space velocity , and 285®C, the acetic acid content 
of the effluent was a maximum of 0.7%. 

20 COMPARATIVE EX^^MPLE 5 

In this example, the same procedure was follovi'ed as 
in Example 3r except that a commercial alumina (United 
CS. 331^3) was used as packing. Maximvun acetic acid content 
during a 20 hour rtan was 0.6%. 

25 EXAMPLE 6 

In this example Co2(C0)jj was used, as in the pro^ 

cedure of Example 3, but the carbon was not washed. 

SORBONORIT B-3 was packed into the reactor in the. form in 

which it v/as received, and was not washed. Maximum acetic 
30 acid content of the effluents was 97.2%, while operating 

at 19.75 MPa, 265^0 and 0.24 liquid hourly space velocity. 
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EXAMPLE 7 

The procedure of Example 1 was followed, except 
that the liquid feed consisted of 1.48 g of Fe(CO)gr 
1218 g of methanol, and 593 g of iodometfiane; the packing 
5 consisted of unwashed (as received) SORBONORIT B--3 car- 
bon; operation during the 115 hour run and results are 
indicated below: 

Temp,, Pressure, MPa ml liq>/h/jnl reactor HOAcr % 

285 20.78 0.24 92 

10 285 10.44 0.40 85 

EXAMPLE 8 

This example illustrates a method by which soluble 
cobalt, where used as the catalyst compoxand, can be recov- 
ered for recycling to the feed solution. 

15 The bulk of the effluents from examples 3 and 6 

(440.8 g) was composited. The cobalt content of the com- 
posited sample before distillation was 20.2 ppm of Co. 
It was distilled at atmospheric pressure \mtil 35.74 g of 
homogeneous dark liquid remained. Analysis indicated 287 

20 ppm of Co, which if desired, could be recycled to the feed 
solution. Final distillation conditions were 117^C pot, 
117^C head temp., 0.1 MPa. The liquid portion of the 
residue consisted of 99.3% of acetic acid, 0.2% of prop- 
ionic acid, and 0.5% of water. 

25 COHPARATIVE EXAMPLE 9 

This example is identical to Example 6 except that 
the reactor was constructed of tantalum rather than 

Hastelloy C. Also no solxible metal was added to the 
liquid feed. Analysis of the feed sampled at a point 

30 immediately upstream of the reactor showed 5.6 ppm of 
nickel and 0.7 ppm of cobalt. Effluent analyses during 
operation at 285^0, 13.89 MPa and 0.40 liquid hourly space 
velocity indicated an acetic acid content which ranged 
from 24 to 34% during a 55 hour run. 
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EXAMPLE 10 

This example is identical to Example 9, except 
that a soluble nickel species, Nilj, was introduced into 
the liquid feed by allowing the liquid feed (before entry 
into the reactor) to contact nickel metal alloys (stain-" 
less steel) during transit froiri the feed tank to the 
reactor. Analysis of the feed solution just upstream of 
the reactor showed 3 pnm of cobalt and 111 ppm of nickel. 
The acetic acid content of the effluent stream was gener- 
ally between 85 and 90%. 



EXAMPLE 11 

This example is identical to Example 9, except 
that 0.733 g of dicobalt octacarbonyl was added to 2750 ml 
of the liquid feed. Acetic acid content of the effluent 
stream was generally between 94 and 96%. 

EXAMPLE 12 

Example 12 demonstrates the use of a peat-derived 
activated carbon, which is used at a temperature lower 
than that used in the prior art to produce an effluent 
which exceeded 90% of acetic acid, even after four days 
of continuous operation. 

In this example, a peat-derived commercial grade 
activated carbon (NORIT RB-l) was washed with boiling 50% 
HNOg. A 25 ml tubular reactor constructed of a nickel 
alloy (Hastelloy C) was filled with this carbon. A solu- 
tion of 90 mole % methanol/10 mole % iodomethane was 
pumped continuously into the reactor at 10 ml/h while CO 
was simultaneously metered at 12000 ml/h. Reactor tem- 
perature and pressure were maintained at 285°C and 13.89 
MPa. 

Effluent analysis after 26 hours of operation, 
indicated 94.3% of acetic acid and 4.3% of methyl acetate. 
After 49 hours, the effluent consisted of 96.4% of acetic 
acid and 2.8% of methyl acetate. After four days of con- 
tinuous operation, the acetic acid content of the effluent 
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was still greater than 90%. 

EXAMPLE 13 

This example demonstrates the results when an 
activated carbon is used which has approximately a 10% 
higher surface area than NORIT RB-1. 

The procedure of Example 12 was followed, except 
that the activated carbon used was SORBONORIT B-3, (used 
as received from manufacturer) . Effluent analysis after 
18 hours indicated 95.1% of acetic acid and 2.9% of methyl 
acetate. After 42 hours, the effluent consisted of 95.3% 
of acetic acid and 3.1% of methyl acetate. 

EXAMPLE 14 

In this example, the procedxire of Example 13 was 
duplicated except that reaction conditions more similar 
to those of the prior art (i.e. FR-A-2 030 118) were used, 
in order to demonstrate by comparison the iinprovement in 
the process of this invention, wherein a longer catalyst 
lifetime is obtained by using lower temperatures and 
higher pressures, in conjunction with activated carbon 
sources containing a certain range of pore sizes. 

In Example 14, the procedure of Example 13 was 
duplicated except that the reactor temperature was main- 
tained at 315°C and the pressure was maintained at 8.37 
MPa. The following Table 3 shows the effluent analysis 
after given periods of time. 

TABLE 3 

Acetic Acid Methyl Acetate 

Time (h) Content Content 

16 84.4 6.0 

23 3.9 2.8 

40 None 1.7 

Although acetic acid is produced in appreciable 
quantities initially, the catalyst rapidly becomes deac- 
tivated so that no acetic acid is formed after only 40 
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10 



15 



EXAMPLE 1^ 

This example, in contrast to Example 14, demon- 
Btrates the improved results of this invention which are 
Obtained usin, lower temperatures, i.e. lower tl ooOc 
but greater than 250°C. ^' 

Here, the procedure of Example 13 was duplicated 
except that the operating temperature was 2500^0: 23 
hours, and 26S°C thereafter. 

Analysis of effluent samples are shown below. 

TABLE 4 

Total Hours 

Si^E^Stlon Tenperatur. gg^^^gt'^'?^? "^oSjent'tlr^ 
" 250 g 

This e^B^X^, ana the results of Example 13, 
demonstrate the advisability of conducting tie reaction at 

:~ a^r ^° -"^-^ — 



EXAMPLE 16 

This example demonstrates the results when an 
activated carbon is used which is derived from coal and 
which has wide pores. 

^y, . .J"^ P^^oc^aure of Example 12 was duplicated except 
that the activated carbon used was CARBORmmOM OKC Ble^ 

ZTIT various ^r 

iods of continuous operation. 

PperIt?on * ""co^tlnf * ^'^^^-^1 Acetate 

■ — = Contein- 

94 

98 



46 

30 72 



144 
164 
188 
218 



98 
94 
90 
70 



3 
1 
1 
5 
8 
15 
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It can be noted that after 218 hours of continuous 
operation, high conversions of methanol, and high selec- 
tivity to acetic acid and methyl acetate were being 
obtained. 

5 EXAMPLES 17 to 20 

Examples 17 to 20 show variations in results 
obtained by reacting carbon monoxide and methanol over 
activated carbons of various origins. The procedure of 
Example 13 was duplicated using various kinds of activated 
10 carbon as shown in the table below. Also shown are efflu- 
ent compositions after various durations: 





Example 


Carbon 


Hours 


« Acetic 
Acid 


% Ilethyl 
Acetate 


15 


17 


Witcarb Columbia JXC 
Petroletim Origin 


22 
63 


47 

0 


9 
2 




18 


North American G-212 
Coconut Shell Origin 


24 


38 


24 




19 


Carborundum GAC 61 6G 
Coal Origin 


23 
44 


20 
14 


5 
4 


20 


20 


Arrow briquettes 
Hardwood Sawdust Origin 
Activated at 720°C with 
Steam and HCl 


18 
24 


78 
21 


15 
5 



These examples and the results of examples 12 and 
2^ 13 indicated peat-derived carbons are superior to non 
peat-c!erived. 



EXAMPLE 21 

This example describes the initial use of the car- 
bon catalyst beds of SORBONORIT B-3 and demonstrates the 
30 effect on spent catalysts of using the reactivation pro- 
cess of this invention. 

a) The 25 ml tubular reactor constructed of nickel 

alloy (Hastelloy c) was packed with SORBONORIT B-3 acti- 
vated carbon (a peat-derived carbon of approximately 
35 lOOO m^/g surface area) . A solution of 90 mole % of 

methanol/10 mole % of iodomethane was pumped continuously 



-23- 



0120631 



to the reactor at 10 ml/h while CO was simultaneously 
metered at 12000 ml/h. Reactor temperature and pressure 
were maintained at 285°C and 13.89 MPa. After 42 hours 
the effluent comprised 95.3%. of acetic acid and 3.1% of' 
5 methyl acetate. After 88 hours, activity had declined, 
so that effluent comprised 95% of H^O/methanol, 4.7% of 
methyl iodide/methyl acetate, and only 0.5% of acetic 
acid. 

b) The above procedure was duplicated, except that the 
10 reactor temperature was maintained at 315°C and the pres- 
sure was maintained at 8.37 MPa. After 40 hours of con- 
tinuous operation, activity had declined to yield only 
1.7% of methyl acetate and no acetic acid in the effluent. 

c) The above procedure was duplicated, except that the 
15 operating temperature was 250^0 for 23 hours, and 265°C 

for an additional 96 hours, with pressure maintained at 
13.89 JlPa. At the end of the operating period, effluent 
acetic acid content was 10.2%, whereas maximum acetic acid 
content (at 50 total hours of operation) was 46%. 
20 d) The middle portions of the used catalyst beds from 
the 3 procedures described were combined and mixed well. 
A 45 ml aliguot was charged to a quartz tube and heated in 
a stream of flowing nitrogen to 705°C. Thereafter H O was 
charged additionally in a continuous manner at O.igi^ml/ 
5 mm while the temperature in the regeneration zone was 
maintained at 710 + 10°c for 7 hours. 

EXAMPLE 22 

The procedure of Example 21(b) was repeated using 
the resulting reactivated carbon (25 ml) of Examnle 21 (d) , 
with reactor temperature maintained at 285°C and" pressure 
maintained at 13.89 MPa. High selectivity and activity 
to acetic acid were exhibited. 

At 26 hours, the effluent contained 95.2% of 
acetic acid. After 120 hours, the effluent contained 
11.2% of acetic acid, and after 141 hours, it contained 
only 0.8% of acetic acid. 



0 
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EXAMPLE 23 

This example Illustrates the use of tirlce reacti- 
vated SORBONORIT B-3 carbon. Here, the bulk of the 
carbon bed used in Example 22 was subjected to the ifien- 
5 tical reactivation procedure of Example 21(d). Then the 
procedure of Example 22 was repeated, using 24 ,.1 of the 
twice-reactivated carbon material. The reactor was oper- 
ated for 24 hours, and at 18 hours of operation the 
effluent showed 92. 0% of acetic acid. 

^° EXAMPLE 24 

This example demonstrates the use of the process 
for reactivation when the carbon has been used ii the 
presence of a cobalt catalyst. 

a) The procedure of Example 21 was followed except 

15 that 111 ppm of CO (as Co^CCOg) was present in the liguid 
feed, and acid-washed NORIT PB-l activated carbon was used 
at 2R5 C and 13.89 MPa for 112.5 hours. The effluent 
contained more than 95% of acetic aciS near the beginning 
of the run (e.g. 24 hours after start-up) ana only 0.7% 

20 of acetic acid near the end of the reacticm period. 

b) The procedure of this Example was repeated, exceot 
that operation was for 140 hours at 285°C and 13.89 KPa" 
and then the temperature was raised to 310°C, the liquid 
flow was decreased to 6 ml/h, and the gas flow was 

25 decreased to 7000 ml/h; this operation continued for 6 
more hours. At the end of the 146 hour run, the effluent 
contained 5.3% of acetic acid. 

c) The carbon described above in this exai^le was 
left in the reactor. The reactor temperature was main- 
tained at 360°C, and the pressure at 1.48 MPa while H 0 
was introduced at 4 ml/h for 19 hours. Use of this cL- 
bon at 13.89 MPa and 285°C as described above produced 
effluent which showed no acetic acid. 

d) The middle portions of the two used catalyst beds 
of this example were combined, mixed well, and placed in 
a quartz tube. Regeneration was conducted at 705 to 710°C 



30 
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with HjO fed at 0.191 ml/min for 2^ hours and at 0.0764 
ml/min for 1 hour more In a stream of Nj. 32 ml of car- 
bon were initially charged, and 32 ml were recovered, 
e) The procedure of Example 22 was conducted using 

5 this regenerated carbon. Effluent collected during the 
first 16 hours contained 14.3% of acetic acid and 6.8% 
of methyl acetate. Effluent collected thereafter con- 
tained no acetic acid. 

This example illustrates that the milder regenera- 
10 tion procedure is not so effective as that used in Example 
21. 



EUROPE 
CLAIMS: 



1. A process for the continuous production 
of carboxylic acids and esters by the reaction of 
carbon monoxide with an alkanol at- a temperature 
of from 150 to 400°C and a pressure of at least 3.5 
MPa in the presence of a halide promoter and solid 
carbon, characterized in that the solid carbon is 
a high surface area, porous activated carbon, and 
in that said reaction takes place in the presence 
of at least 1 ppm of a transition metal selected 
from cobalt, ruthenium, iron, nickel, rhodium, palladium, 
osmium, iridium and platinum. 

2. A process according to Claim 1 characterized 
in that the activated carbon is derived from coal 
or peat and has a density from 0.03 to 2.5 cm'/g, 
a surface area from 200 to 2000 mVg, and a pore 
size from 0.6 to 200 nm. 

3. A process according to Claim 1 or 2 character- 
ized in that said reaction takes place at a temperature 
from 200 to 400*0 and a pressure from 5 to 40 MPa 
in the presence of a halide, carboxylate, nitrate 
or carbonyl of the transition metal. 

4. A process according to Claim 1 or 2 character- 
ized in that said reaction takes place at a temperature 
of 150 to 400*'C and a pressure of from 3.5 to 21 
MPa, the transition metal resulting from the reaction 
being conducted in a nickel or cobalt alloy reactor. 

5. A process according to any of the preceding 
Claims characterized in that the amount of transition 
metal is from 25 to 150 ppm. 
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6. A process according to any of the preceding 
Claims characterized in that the halide promoter 
is an alkyl halide, hydrogen halide, acyl halide 
or dihalomethane. 

7. A process according to any of the preceding 
Claims characterized in that the reaction is carried 
out in the presence of a solvent. 

8. A process according to any of the preceding 
Claims characterized in that the catalyst is reactivated 
by contact with steam at a temperature of from 500 
to 1500»C and a pressure of from 0.1 to 0.5 MPa for 
a period of from 1 to 25 hours. 

9. A process according to Claim 8 characterized 
in that the catalyst reactivation is conducted in 
the presence of an activating agent selected from 
oxides, hydroxides and halides of alkali metals or 
alkaline earth metals.' inorganic sulphur compounds 
and mineral acids. 
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